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[57] ABSTRACT

The present invention provides an Nb-Ti alloy type
superconducting wire having a superconducting fila-
ment including a member made of Nb-Ti alloy and a
pinning member made of Nb or Nb alloy having no
superconducting properties under operating magnetic
field, the Nb-Ti based alloy containing Tiin a content of
48 to 65% by weight and the superconducting filament
containing Nb or an Nb alloy (A) in a ratio of 20 to 35%
by volume. The present invention further provides an
Nb-T1 alloy type superconducting wire having a super-
conducting filament inciuding a member made of Nb-Ti
alloy and a pinning member made of Ti or Ti alloy
having a critical temperature lower than that of the
Nb-T1i alloy and/or having no superconducting proper-
ties; the Nb-Ti based alloy containing Ti in a content of
25 to 45% by weight and the superconducting filament
contamning Ti or a Ti alloy in a ratio of 20 to 35% by
volume.

16 Claims, 3 Drawing Sheets
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1
NB-TI ALLOY TYPE SUPERCONDUCTING WIRE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an Nb-Ti alloy type
superconducting wire and a method of manufacturing
the same.

2. Description of the Related Art

An Nb-Ti alloy type superconducting wire has a
structure comprising a matrix made of Cu or Cu-based
alloy 1n which at least one Nb-Ti based alloy supercon-
ducting filament is incorporated.

A method of manufacturing an Nb-Ti alloy type su-
perconducting wire is known which comprises: insert-
ing a member made of an Nb-Ti alloy ingot in a pipe
made of Cu or Cu-based alloy; subjecting the pipe to an
area-reduction process including extrusion and draw-
ing, thereby to form a composite billet; making a bundle
composed of several the composite billets and inserting
the bundle in a Cu or a Cu-based alloy pipe; and subject-
ing the pipe to an area-reduction process including
extruston and drawing, thereby obtaining a final com-
posite. Hereinafter, this method will be referred to sim-
ply as “an inserting method”.

Recently developed is a method which comprises:
embedding a metal such as Nb and Ti which exhibits no
superconducting properties in a certain condition—i.e.,
a temperature of 4.2K, under a magnetic field of several
tesla—in advance in a starting Nb-Ti alloy and produc-
Ing a composite wire in substantially the same manner as
described the above. Hereinafter, this method will be
referred to simply as “an artificial pinning method”.

In the inserting method, a metal phase precipitated
from an Nb-Ti alloy matrix called an a-Ti phase is used
as a pinning center to control a principal property of a
superconducting wire, that is, a critical current density
(hereinafter referred to as “J¢”). On the other hand, in
the embedding method, an embedded non-supercon-
ducting material is used as a pinning center.

In the inserting method, an appropriate heat treat-
ment accompanied by a cold working is required to
allow the a-Ti phase in the Nb-Ti alloy matrix to be an
efficient pinning center. However, since it is difficuit
accurately to know an amount and a form of a-Ti phase
in a method of manufacturing a superconducting wire,
it 1s very hard to accurately design a superconducting
wire having an appropriate Jc value. In addition, this
method requires a plurality of complicated and time-
consuming processes inevitably raising the manufactur-
ing cost.

On the other hand, in the artificial pinning method, an
amount and a change in the form of introduced pinning
centers can be estimated. Therefore, it is possible accu-
rately to design a superconducting material havmg an
appropriate Jc value. However, the artificial pmmng
method has a drawback that a Jc value certainly in-
creases 1n a low magnetic field of 1 to 3 T, but decreases
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significantly in a high and middle magnetic field of 4 T 60

or more compared to the inserting method (reported by
L. R. Motowidlo et al., Adv. Cryog. Eng., Vol. 36, page
311, 1990; K. Yamafuji et al., Cryogenics, vol. 31 page
431, 1991). A method of preventing the significant de-
crease of a Jc value in a middle and high magnetic field
has not yet been established. This is a main reason why
the embedding method has not been widely used in
practice compared to the inserting method.
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2
SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
Nb-T1 alloy type superconducting wire, a Jc value of
which 1n a middie and high magnetic field is increased.

It 1s another object of the present invention to pro-
vide a method to efficiently manufacture an Nb-Ti alloy
type superconducting wire.

The present invention provides an Nb-Ti alloy type
superconducting wire having a superconducting fila-
ment comprising a member made of Nb-Ti alloy and a
pinning member made of Nb or Nb alloy {hereinafter
referred to as “Nb alloy (A)”} having no superconduc-
ting properties under operating magnetic field; the
Nb-T1 based alloy containing Ti in a content of 48 to
65% by weight and the superconducting filament con-
taining Nb or an Nb alloy (A) in a ratio of 20 to 35% by
volume.

The present invention further provides an Nb-Ti
alloy type superconducting wire having a superconduc-
ting filament comprising 2 member made of Nb-Ti alloy
and a pinning member made of Ti or Ti alloy {herei-
nafter referred to as “Ti alloy (B)”’} having a critical
temperature lower than that of an Nb-Ti based alloy in
the Nb-Ti alloy member and/or having no supercon-
ducting properties; the Nb-Ti based alloy containing Ti
in a content of 25 to 45% by weight and the supercon-
ducting filament containing Ti or a Ti alloy in a ratio of
20 10 35% by volume.

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and ob-
tained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1is a graph showing a change in the Bc2 value
relative to the Ti content of an Nb-Ti based alloy:

FIGS. 2A to 2G are diagrams showing a representa-
tive process of manufacturing the Nb-Ti alloy type
superconducting wire of the present invention; and

FIG. 3 1s a diagram showing another representative
process of manufacturing the Nb-Ti alloy type super-
conducting wire of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In one aspect of the present invention, a Ti content of
an Nb-Ti based alloy is 48 to 65% by weight and a
volume ratio of Nb or an Nb alloy (A) in an supercon-
ducting wire is 20 to 35% in the Nb-Ti alloy type super-
conducting wire.

In still a further aspect of the present invention, a Ti
content of an Nb-Ti based alloy is 25 to 45% by weight
and a volume fraction of Ti or a Ti alloy (B) in a super-
conducting filament is 20 to 35% in an Nb-Ti alloy type
superconducting wire.

An example of an Nb-T1 based alloy is one having an
additional element such as Ta, Hf The additional ele-
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ment may contribute to increasing an upper critical field
(hereinafter referred to as “Bc2”).

An example of an Nb alloy (A) is one having an addi-
tional element such as Ti, Ta, Al, Mg, Fe, Hf, Cu, Ge,
Ni, Zr, and Cr. An example of a Ti-based alloy (B) is
one having an additional element such as Nb, Ta, Al
Mg, Fe, Hf, Cu, Ge, Ni, Zr, and Cr.

The above mentioned Nb-Ti alloy type superconduc-
ting wire can be produced by means of any one of the
following methods.

The first method comprises: combining a member
made of an Nb-Ti alloy having 48 to 65% by weight of
T1 with a member made of Nb or an Nb alloy (A);
subjecting the combined members to drawing process,
to thereby form a composite billet. The volume fraction
of the Nb or Nb alloy (A) in the composite billet is
adjusted to 20 to 35%. Then, a composite wire is
formed by bundling a plurality of composite billets; and
subjecting the composite wire to a process including
extrusion and drawing, if necessary, thereby to form an
Nb-T1 alloy type superconducting wire. The obtained
superconducting wire of the first method contains a
superconducting filament having a structure comprising
an Nb-T1 based alloy matrix and Nb or Nb alloy (A)
pinning centers, with the Nb-Ti based alloy containing
T11n a content of 48 to 65% by weight, and the super-
conducting filament containing Nb or an Nb-based
alloy (A) in a ratio of 20 to 35% by volume.

A second method comprises: combining a member
made of an Nb-T1 alloy having 25 to 45% by weight of
Ti a member made of with Ti or a Ti alloy (B); subject-
ing the combined members to drawing process, to
thereby form a composite billet. The volume fraction of
the Ti or Ti alloy (B) in the composite billet is adjusted
to 20 to 35%. Then, a composite wire is formed by
bundling a plurality of composite billets; and subjecting
the composite wire to a process including extrusion and
drawing, if necessary, thereby to form an Nb-Ti alioy
type superconducting wire. The obtained superconduc-
ting wire contains a superconducting filament having a
structure comprising an Nb-Ti based alloy matrix and
Ti or a Ti alloy (B) pinning centers with the Nb-Ti
based alloy containing Ti in a content of 25 to 45% by
weight and the superconducting filament containing Ti
or a T1 alloy (B) in a ratio of 20 to 35% by volume.

A third method comprises: stacking a member made
of an Nb-Ti based alloy and a member made of Nb or an
Nb alloy (A), or 2 member made of an Nb-Ti based
alloy and a member made of Ti or a Ti alloy (B) alter-
nately one on top of the other; subjecting the stacked
members to an area-reduction process, thereby to form
a composite billet; forming a composite wire by bun-
dling a plurality of the above composite billets; if neces-
sary, further subjecting the composite wire to a com-
posite-processing and an area-reduction process,
thereby obtaining an Nb-Ti alloy type superconducting
wire. When Nb or an Nb alloy (A) is used as a pinning
center 1 this method, the Nb-Ti based alloy preferably
has a Ti content of 48 to 65% by weight. On the other
hand, when Ti or Ti alloy (B) is used as a pinning cen-
ter, the Nb-Ti based alloy preferably has a Ti content of
25 to 45% by weight.

As a stacked type of an Nb-Ti based alloy member
and Nb or an Nb alloy (A) member, or an Nb-Ti based
alloy member and Ti or a Ti alloy (B) member, there
may be mentioned the following three examples:

(1) stacking two types of metal plates alternately one
on top of the other in a continuous manner. One of the
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two types of plates is made of Nb-Ti based alloy and the
other is made of Nb or Nb alloy (A), or Ti or Ti alloy
(B);

(2) assembling two types of metal pipes of different
diameter alternately one to the other in a continuous
manner. One of the two types of pipes is made of Nb-Ti
based alloy and the other is made of Nb or Nb alloy (A),
or Ti or Ti alloy (B); and

(3) stacking two types of metal foils alternately one
on top of the other. One of the two type of foils is made
of Nb-T1i based alloy and the other is made of Nb or Nb
alloy (A), or Ti or Ti alloy (B).

The proportion in thickness of an Nb-Ti based alloy
member to Nb or an Nb alloy (A) member, or an Nb-Ti
based alloy member to Ti or a Ti alloy (B) member is
preferably in a range of 1 to 20.

According to the third method, it is easy to introduce
Nb or Nb alloy, or Ti or Ti alloy (B) as a pinning center
in an Nb-Ti based alloy. Accordingly, the third method
enables to easily produce an Nb-Ti alloy type supercon-
ducting wire having excellent superconducting proper-
ties, especially an excellent critical current density,
without a complicated heat treatment performed in
conventional methods

In the third method, a pinning force is proportional to
a change in volume of quantized flux lines overlapped
with pins, in other words, a change in a pinning poten-
tial accompanying a shift of quantized flux lines in a
superconducting filament. Therefore, to increase the
pinning force when a volume fraction of pins per super-
conducting filament does not change, it is necessary to
increase the volume change of the overlapped portion
accompanying the shift of quantized flux lines. From
this point of view, it is preferable to use the first type, in
which two types of metal plates are stacked alternately
one on top of the other and form a composite wire
through a reduced-area process. In this method, a stack-
ing direction of metal plates made of an Nb-Ti based
alloy is different with metal plates forming pinning
centers in various directions, with the result that a
change in volume of quantized flux lines overlapped
with pins accompanying the shift of quantized flux lines
is increased, thereby to obtain a high pinning force.

A fourth method comprises: preparing two types of
metal members of different cross-sectional area made of
Nb or Nb alloy, or Ti or Ti alloy; physically combining
the two types of metal members with an Nb-Ti based
alloy member, subjecting the combined members to an
area-reduction process, to thereby form a composite
billet; forming the composite wire by bundling a plural-
ity of composite billets; and if necessary, subjecting the
composite wire to a composite-processing and an area-
reduction process, thereby to form a desired Nb-Ti
alloy type superconducting wire. When Nb or an Nb
alloy (A) is used as a pinning center in this method, the
Nb-Ti based alloy preferably has a Ti content of 48 to
65% by weight. On the other hand, when Ti or Ti alloy
(B) 1s used as a pinning center, the Nb-Ti based alloy
preferable has a Ti content of 25 to 45% by weight.

When forming at least two metals of different cross-
sectional area, can be employed a method in which two
metal plates having different thickness each other are
stacked one on top of the other.

The obtained Nb-Ti alloy type superconducting wire
through the fourth method has pinning centers having
various cross-sectional areas in a superconducting fila-
ment. A pinning center having a relatively large cross-
sectional area is effective in a low magnetic filed. On the



S

contrary, a pinning center having a relatively small
cross-sectional area is effective in a high magnetic filed.
Due to these properties, it is possible to increase a Jc
value of an Nb-Ti alloy type superconducting wire in a
middle and high magnetic field.

Hereinatter, the effect of the Nb-Ti alloy type super-
conducting wire of the present invention will be de-
scribed in detail.

An Nb-T1 alloy is a complete solid solution and a
superconducting property thereof is affected by a Ti
content thereof. For example, a critical temperature
(Tc) constantly decreases in inverse proportion to a Ti
content. When a Ti content is less than 40% by weight
as shown in FIG. 1, an upper critical field (Bc2) in-
creases 1 proportion as a Ti content and when the Ti
content reaches in a range of 40 to 50% by weight, a
Bc2 value shows 11 T or more. However, when a Ti
content exceeds 50% by weight, a Bc2 value starts to
decrease (see C. Meingast et al., J. Appl. Phys., Vol. 66,
page 5962, 1989). From this point of view, the supercon-
ducting filament in a cited literature in “Description of
the Related Art” in this specification is made of an
Nb-T1 alioy containing Ti in a content of 46.5% by
weight having a high Bc2 value and an Nb metal as a
pinning center. The Nb-Ti alloy containing 46.5% by
weight of Ti is a widely used for an a-Ti phase precipi-
tation. This Nb-Ti alloy is provided in a large amount
and excellent in a processing property and uniformity.

However, since Nb is purposely introduced in the
Nb-T1 alloy containing 46.5% by weight of Ti as in the
cited literature, the Nb-Ti alloy is no longer suitable for
forming a superconducting wire. That is, as introducing
Nb to the Nb-Ti alloy as a pinning center, the composi-
tion in a superconducting filament is shifted to Nb-rich
side with the result that a Bc2 value decreases. When Ti
is introduced in the Nb-Ti alloy as a pinning center, the
composition of a superconducting filament is shifted to
Ti-rich side with the result that a Bc2 value decreases.

In order to improve a Jc property, it is generally
believed not only in an embedding process but also in an
inserting method to adjust a size of a pinning center
made of the purposely introduced Nb small enough to
give a pinning effect by means of a cold working includ-
ing drawing. However, in this procedure, although a Jc
value increases when the size of a pinning center de-
creases t0 a coherence length of an Nb-Ti alloy matrix,
(for example, 5.7 nm, which is a value of a coherence
length of an Nb-Ti based alloy having Bc2=10 T), a
penetration of superconducting electrons from an
Nb-Ti alloy to pinning centers called “proximity effect”
occurs frequently with the result that a Tc and a Be2
value decrease. The present inventors have conducted
intensive and extensive studies and found that the de-
crease of a Bc2 value caused by “proximity effect” has
a strong correlation with the deterioration of a Jc prop-
erty in a middle and high magnetic field.

Therefore, it is considered that improvement of a Jc
property 1n a middle and high magnetic field can be
achieved by suppressing the decrease in a Bc2 value by
adjusting a ratio of an introduced pinning metal relative
to an Nb-Ti alloy matrix in a superconducting filament
SO as to approach the Bc2 value to maximum value.

The present invention has been made based on the
above-findings. The present inventors overcome the
decrease of a Bc2 value accompanying the introduction
of pinning centers and improved a Jc property in a
middle and high magnetic field by determining a Ti
content of an Nb-Ti based alloy as 48 to 65% by weight
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and the volume ratio of Nb or an Nb alloy in a super-
conducting filament as 20 to 35% when Nb or an Nb
alloy (A) is introduced as a pinning center in an Nb-Ti
based alloy matrix of a superconducting filament.

Moreover, the decrease of a Bc2 value accompanying
mntroduction of a pinning center can be inhibited and a
Jc property in a middle and high magnetic field can be
improved by determining the Ti content of an Nb-Ti
based alloy as 25 10 45% by weight and the volume ratio
of Ti or a Ti alloy (B) in a superconducting filament as
20 to 35% when Ti or a Ti alloy (B) is introduced as a
pinning center in an Nb-Ti based alloy matrix of a su-
perconducting filament.

Hereinafter, Examples of the present invention will

be described in detail with reference to the following
drawings.

EXAMPLE 1

As shown in FIG. 2A, an Nb alloy plate 1 containing
52% by weight of Ti and an Nb plate 2 were stacked
alternately one on top of the other in a continuous man-
ner to thereby form a stacked body. The stacked body
was 1nserted in a Cu pipe 3 having an outer diameter of
45 mm¢ and an inner diameter of 35 mmd, thereby
obtaining a composite billet. The volume ratio of the Nb
plates 2 relative to a stacked body comprising Nb-Ti
alloy plates 1 and Nb plates 2 is adjusted to 20%. There-
after, the composite billet is subjected to a process in-
cluding hot extruding and drawing, to thereby form a
composite wire 4 having a diameter of 1.3 mm shown in
FIG. 2B. An outerface Cu of the composite wire 4 was
dissolved and removed by nitric acid, thereby obtaining
the first composite wire 5 shown in FIG. 2C.

800 of thus obtained first composite wires 5 were
inserted in a Cu pipe 6 having an outer diameter of 45
mm¢ and an inner diameter of 35 mmd, further sub-
jected to a process including hot extruding and draw-
Ing, thereby obtaining a secondary composite wire 7
having a diameter of 1 mm as shown in FIG. 2E.

Moreover, 800 of thus obtained secondary composite
wires 7 were inserted in a Cu pipe 8 having an outer
diameter of 45 mmd¢ and an inner diameter of 35 mmd,
and subjected to a process including hot extruding and
drawing, thereby obtaining a final composite. Then, is
obtained a desired Nb-Ti alloy type superconducting
wire 9 having a structure comprising 800 of supercon-

ducting filaments incorporated in a Cu matrix as shown
in FIG. 2G.

EXAMPLES 2 TO 5§ AND COMPARATIVE
EXAMPLES 1 TO 4

A Nb-Ti alloy type superconducting wire was
formed in substantially the same manner as in Example
] except that a composition of an Nb-Ti alloy plate and
a volume ratio of an Nb plate relative to a stacked body
comprising Nb-Ti alloy plates and Nb plates were ad-
justed as shown in Table 1. Critical current densities
(Jc) of Nb-Ti alloy type superconducting wires in Ex-
amples 1 to 5 and Comparative Examples 1 to 4 were
measured at a temperature of 4.2K, in liquid helium,
under magnetic fields of 5 T and 8 T. The results are
also shown in Table 1.
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Critical current
a percentage of density;

a Nb plate in a Jc gA/mmzl

Composition of a

NbTi alloy; *1 layered body *2 5T 8T
Example 1 Nb-52 wt % Ti 20% by volume 3450 1150
Example 2 o 30% by volume 3530 1250
Example 3 ' 35% by volume 3380 1000
Example 4 Nb-65 wt % Ti 25% by volume 3400 1500
Example 5 N 30% by volume 3440 900
Compara- Nb-70 wt % Ti 25% by volume 2450 400
tive
Example 1
Compara- Nb-65 wt % Ti 15% by volume 2500 700
tive
Example 2
Compara- o 40% by volume 2200 500
tive
Example 3
Compara- Nb-46.5wt% Ti 25% by volume 2890 400
tive
Example 4

*1...This Nb/Ticontent is the same as that in a superconducting filament in a NbTi
alloy type superconducting wire.
*2 ... This Nb content is the same as that in a superconducting filament in 2 NbTi
alloy type superconducting wire.

As i1s apparent from Table 1, an Nb-Ti alloy type
superconducting wires of Examples 1 to 5 have high Jc
values under magnetic fields of 5 T and 8 T compared to
those of Comparative Examples 1 to 4. The high values
are attributed to a structure of each superconducting
filament comprising an Nb-Ti alloy matrix and Nb pin-
ning centers, and a Ti content in a range of 48 to 65% by
weight in the Nb-T1i alloy matrix and Ti volume ratio in
a range of 20 to 35% by volume in the superconducting
filament.

When an Nb-T1 based alloy containing an element,
such as Ti, Ta, Al, Mg, Fe, Hf, Cu, Ge, Ni, Zr, Cr,
except Nb was used in a content of 20% or less by
welght as a pinning center, the same results as in the
above were obtained.

EXAMPILE 6

Nb-Ti alloy plates containing 38% by weight of Ti
and T1 metal plates were stacked alternately one on top
of the other in a continuous manner to thereby form a
stacked body. Thus obtained stacked body was ground
in order to be inserted in 2 Cu pipe having an outer
diameter of 45 mm¢ and an inner diameter of 35 mmd,
and 1nserted in the Cu pipe, thereby obtaining a com-
posite billet. The volume ratio of Ti plates relative to a
stacked body comprising Nb-Ti alloy plates and Ti
plates was adjusted to 20%. Then the composite billet
was subjected to a process including hot extruding and
drawing, to thereby form a composite wire having a
diameter of 1.3 mm. An outerface Cu of the composite
wire was dissolved and removed by nitric acid, thereby
obtaining the first composite.

Thereafter, the obtained first composite wire was
subjected twice to a reducing-area process including
hot extruding and drawing, thereby obtaining a desired
an Nb-T1 alloy type superconducting wire having the
same cross-sectional structure as that in Example 1.

EXAMPLES 7 TO 10 AND COMPARATIVE
EXAMPLES 5 TO 8

An Nb-T1 alloy type superconducting wire was
formed in substantially the same manner as in Example
6 except that a composition of an Nb-Ti alloy plate and
a volume ratio of Ti plates relative to a stacked body
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comprising Nb-Ti alloy plates and Ti plates were ad-

justed to as shown in Table 2.

Critical current densities (Jc) of Nb-Ti alloy type
superconducting wires in Examples 6 to 10 and Com-
parative Examples 5 to 8 were measured at a tempera-
ture of 4.2K,, in liquid helium, under magnetic fields of

S T and 8 T. The results are also shown in Table 2.

TABLE 2
Critical current
a percentage of density;
Composition of a a Ti platein a Jc gA/mm2!
NbTi alloy; *1 layered body *3 5T 8T
Example 6 Nb-38 wt % Ti 20% by volume 3350 1250
Example 7 ! 30% by volume 3510 1250
Example 8 35% by volume 3460 1000
Example 9 Nb-25 wt 9% Ti 25% by volume 3410 950
Example 10 ' 30% by volume 3440 1000
Compara Nb-20 wt % Ti 25% by volume 2300 500
tive |
Example 5
Compara- Nb-25 wt % Ti 159% by volume 2700 650
tive
Example 6
Compara 40% by volume 2600 400
tive
Example 7
Compara- Nb46.5wt% Ti 25% by volume 2890 400
tive
Example 8

*1...This Nb/Ti content is the same as that in a superconducting filament in 2 NbTi
alloy type superconducting wire,
*3 ... This Ti content is the same as that in a superconducting filament in a NbTi
alloy type superconducting wire.

As 18 apparent from Table 2, an Nb-Ti alloy type
superconducting wires of Examples 6 to 10 have higher
Jc values under magnetic fields of 5 T and 8 T com-
pared to those of Comparative Examples 5 to 8. The
high values are attributed to a structure of each super-
conducting filament comprising an Nb-Ti alloy matrix
and T1 pinning centers, and a Ti content in a range of 25
to 45% by weight in the Nb-Ti alloy matrix and a Ti
volume ratio in a range of 20 to 35% by volume in the
superconducting filament.

When a Ti-based alloy containing an element, such as
Nb, Ta, Al, Mg, Fe, Hf, Cu, Ge, Ni, Zr, Cr, except Ti
was used in a content of 20% or less by weight, the same
results as in the above were obtained.

EXAMPLE 11

An Nb-T1 based alloy plate 12 containing 60% by
weight of Ti and an Nb plate 13 were stacked alter-
nately one on top of the other in a continuous manner to
thereby form a stacked body. Thus obtained stacked
body was ground in order to be inserted in a Cu pipe 11
having an outer diameter of 200 mmd¢ and an inner
diameter of 170 mmd¢ and inserted in the Cu pipe,
thereby obtaining the first composite billet 14. Two
types of Nb plates 13 were prepared. One was an Nb
plate 13 having a thickness of 10 mm. The other was an
Nb plate 13 having a thickness of 1 mm. One unit com-
posed of 4 of the former Nb plates and the other unit
composed of 15 of the latter Nb plates were used to
form the stacked body. Then, the obtained first compos-
ite billet was subjected to a process including hot ex-
truding and drawing to thereby form the composite
wire having an outer diameter of 1.2 mm. An outerface
Cu of the composite wire was dissolved and removed
by nitric acid and 1000 of the obtained composite wires
were filled in a Cu pipe having an outer diameter of 45
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mm¢ and an inner diameter of 38 mma, thereby obtain-
ing a secondary composite billet.

Thereafter, the obtained secondary composite billet
was subjected to an area-reduction process including
hot extruding and drawing to obtain a single core com- 5
postte wire having outer diameter of 1.0 mmd. Thus
obtained composite core wire was further inserted in 2
Cu pipe having an outer diameter of 45 mmd and an
mner diameter of 38 mmd, thereby obtaining a tertially
composite billet. The tertially composite billet was sub-
jected to a reducing-area process including hot extrud-
ing and drawing, thereby obtaining a desired Nb-Ti
alloy type superconducting wire of Example 11 having
an outer diameter 0.2 mmd.

EXAMPLE 12

An Nb-Ti alloy type superconducting wire of Exam-
ple 12 was formed in substantially the same manner as in
Example 11 except that one unit composed of 4 of Nb
plates having a thickness of 10 mm and the other unit

composed of 5 of Nb plates having a thickness of 1 mm
were used to form a stacked body.

EXAMPLE 13

An Nb-Ti alloy type superconducting wire of Exam-
ple 13 was formed in substantially the same manner as in
Example 11 except that a stacked body was formed by
one unit composed of 4 of Nb plates having a thickness
of 10 mm and the other unit composed of an Nb-Ti
based alloy plate having a thickness thereof plus 1 mm
instead of 15 of Nb plates having a thickness of 1 mm.

Critical current densities (Jc) of Nb-Ti alloy type
superconducting wires in Examples 11 to 13 were mea-
sured at a temperature of 4.2K, in liquid helium, under

magnetic fields of 5 T and 8 T. The results are also 35
shown in Table 3.

10

15

20

235

30

TABLE 3
Cnitical current density
Valve of a (A/mm?)
magnetic field 5T 8T 40
Example 16 3620 1230
Example 17 3490 1140
Example 18 3130 1050

In Examples 11 and 12, an Nb plate having a thick- 45
ness of 10 mm before processing functioned as a big
pmning center in a final superconducting wire to in-
crease a Jc value 1n a low magnetic field and an Nb plate
having a thickness of 1 mm before processing func-
tioned as a small pinning center to increase a J¢ value in
a middle and high magnetic field. Accordingly, the
superconducting wire obtained in Examples 11 and 12
had higher Jc values compared to that of the supercon-
ducting wire obtained in Example 13 using Nb plates
having the same thickness.

EXAMPLE 14

An Nb-T1 based alloy plate containing 28% by
weight of Ti and a Ti plate were stacked alternately one
on the top of the other in a continuous manner to
thereby form a stacked body. Thus obtained stacked
body was ground in order to be inserted in a Cu pipe
having an outer diameter of 200 mmd¢ and an inner
diameter of 170 mmd, thereby obtaining the first com-
posite billet. Two types of Ti plates were prepared. One
was a T1 plate having a thickness of 10 mm. The other
was a Ti plate having a thickness of 1 mm. One unit
composed of 4 of the former type Ti plates and the
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other unit composed of 15 of the latter type Ti plates
were used to form the stacked body.

Then the first composite billet was subjected to a
reducing-area process including hot extruding and
drawing to thereby form the composite wire having an
outer diameter of 1.2 mm. An outerface Cu of the com-
posite wire was dissolved and removed by nitric acid
and then 1000 of the obtained composite wires were
inserted in a Cu pipe having an outer diameter of 45
mm«¢ and an inner diameter of 38 mmd, thereby obtain-
ing a secondary composite billet.

Thereafter, the obtained secondary composite billet
was subjected to an area-reduction process including
hot extruding and drawing to obtain a single-core com-
posite wire having an outer diameter of 1.0 mmd. Thus
obtained single-core composite wire was further in-
serted in a Cu pipe having an outer diameter of 45 mmd
and an inner diameter of 38 mmdo, thereby obtaining a
tertially composite billet. The tertially composite billet
was subjected to an area-reduction process including
hot extruding and drawing, thereby obtaining a desired
Nb-Ti alloy type superconducting wire of Example 14
having an outer diameter 0.2 mmd.

EXAMPLE 15

An Nb-Ti alloy type superconducting wire of Exam-
ple 15 was formed in substantially same manner as in
Example 14 except that 4 of Ti plates having a thickness
of 10 mm and 5 of Ti plates having a thickness of 1 mm

were stacked one to top of the other in a2 continuous
manner.

EXAMPLE 16

An Nb-Ti alloy type superconducting wire of Exam-
ple 16 was formed in substantially the same manner as in
Example 14 except that a stacked body was formed by
one unit composed of 4 of Ti plates having a thickness
of 10 mm and the other unit composed of an Nb-Ti
based alloy plate having a thickness thereof plus 1 mm
instead of 15 of Ti plates having a thickness of 1 mm.

Critical current densities (Jc) of Nb-Ti alloy type
superconducting wires in Examples 14 to 16 and were
measured at a temperature of 4.2K, in liquid helium,

under magnetic fields of 5 T and 8 T. The results are
also shown in Table 4.

TABLE 4
Crtical current density
Valve of a (A/mm?)
magnetic field 5T 8T
Example 19 3480 1180
Example 20 3360 1090
Example 21 3060 1000

In Examples 14 and 15, a Ti plate having a thickness
of 10 mm before processing functioned as a big pinning
center 1n a final superconducting wire to increase a Jc
value in a low magnetic fieid and a Ti plate having a
thickness of 1 mm before processing functioned as a
small pinning center to increase a Jc value in a middle
and high magnetic field. Accordingly, the superconduc-
ting wire obtained in Examples 14 and 15 had higher Jc
values compared to that of the superconducting wire
obtained in Example 16 using Ti plates having the same
thickness.

From the foregoing, according to the present inven-
tion, there can be obtained an Nb-Ti alloy type super-
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conducting wire having a high Jc value even in a mid-
dle and high magnetic field and preferably available for
a magnet etc. in use for MRI.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details, representative devices, and illustrated examples
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as de-
fined by the appended claims and their equivalents.

What is claimed is:

1. An Nb-Ti alloy superconducting wire having a
high current density comprising a superconducting
filament including at least one member made of Nb-Ti
based alloy and at least one pinning member stacked
alternately with respect to the member made of Nb-Ti
based alloy, said pinning member being made of a2 metal
selected from the group consisting of Nb, and an Nb
alloy having no superconducting properties under oper-
ating magnetic field,

wherein said Nb-Ti based alloy contains Ti in a con-

tent of 48 to 65% by weight and said superconduc-
ting filament contains said Nb or Nb alloy in a ratio
of 20 to 35% by volume.

2. The Nb-Ti alloy superconducting wire according
to claim 1, wherein said Nb-Ti based alloy is an alloy
selected from the group consisting of an Nb-Ti alloy, an
Nb-Ti-Ta alloy, and an Nb-Ti-Hf alloy.

3. The Nb-Ti alloy superconducting wire according
to claim 1, wherein said Nb alloy is an alloy having an
additional element selected from the group consisting of
11, Ta, Al, Mg, Fe, Hf, Cu, Ge, Ni, Zr, and Cr.

4. The Nb-Ti alloy superconducting wire according
to claim 1, wherein said at least one member and said at
least one pinning member have a plate-shape.

5. The Nb-Ti alloy superconducting wire according
to claim 1, wherein said at least one member and said at
least one pinning member have a foil-shape.

6. The Nb-Ti alloy superconducting wire according
to claim 1, wherein said at least one member and said at
least one pinning member are pipes having a different
diameter from each other.

7. The Nb-Ti alloy superconducting wire according
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sald at least one member to one of said at least one
pinning member is in a range of 1 to 20.

8. The Nb-Ti alloy superconducting wire according
to claim 1, wherein there are at least two pinning mem-
bers having two different cross-sectional areas.

9. An Nb-Ti alloy superconducting wire comprising a
superconducting filament having a high current density
including at least one member made of Nb-Ti based
alloy and at least one pinning member stacked alter-
nately with respect to the member made of Nb-Ti based
alloy, said pinning member being made of a metal se-
lected from the group comnsisting of Ti, a Ti alloy having
a critical temperature lower than that of said Nb-Ti
based alloy, and a Ti alloy having no superconducting
properties, |

wherein said Nb-Ti based alloy contains Ti in a2 con-

tent of 25 to 45% by weight and said superconduc-
ting filament contains said Ti or Ti alloy in a range
of 20 to 35% by volume.

10. The Nb-Ti alloy superconducting wire according
to claim 9, wherein said Nb-Ti based alloy is an alloy
selected from the group consisting of an Nb-Ti alloy, an
Nb-Ti-Ta alloy, and an Nb-Ti-Hf alloy.

11. The Nb-Ti alloy superconducting wire according
to claim 9, wherein said Ti alloy is an alloy having an
additional element selected from the group consisting of
Nb, Ta, Al, Mg, Fe, Hf, Cu, Ge, N1, Zr, and Cr.

12. The Nb-Ti alloy superconducting wire according
to claim 9, wherein said at least one member and said at
least one pinning member have a plate-shape.

13. The Nb-T1 alloy superconducting wire according
to claim 9, wherein said at least one member and said at
least one pinning member have a foil-shape.

14. The Nb-Ti alloy superconducting wire according
to claim 9, wherein said at least one member and said at
least one pinning member are pipes having a different
diameter from each other.

15. The Nb-Ti alloy superconducting wire according
to claim 9, wherein a proportion in thickness of one of
said at least one member to one of said at least one
pinning member is in a range of 1 to 20.

16. The Nb-Ti alloy superconducting wire according
to claim 9, wherein there are at least two pinning mem-

bers having two different cross-sectional areas.
* %X %X % x
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